Radial head fractures are one of the most common fractures of the elbow and typically occur after a fall on an outstretched arm. When the fracture is displaced, unfavorable outcomes can occur and lead to early arthritis. Additionally, elbow pain and stiffness due to immobilization or surgical reduction and stabilization typically ensues and can limit one's overall upper extremity function. Rehabilitation following such a fracture can be challenging and the inclusion of manual therapy in the management process has not been described to date in the literature. Therefore, the aim of this case report is to present the evaluation and treatment of a 40-year-old female following a complicated radial head fracture. The rehabilitation conducted over a four-month course is discussed and the benefits of joint specific manual therapy in the rehabilitation are highlighted.
Introduction
Radial head fractures are one of the most common fractures of the elbow [1] - [4] and typically occur after a fall on an outstretched arm [5] . Research has suggested that non-displaced fractures have minimal residual deficits; however, displaced fractures tend to display a non-favorable outcome even if short-term follow-up does not re-veal functional deficits. Residual post-traumatic joint incongruity may lead to elbow osteoarthritis [5] . Additionally, it is well documented that elbow stiffness ensues following elbow fracture [2] [6]- [8] . Outcome research on rehabilitation following elbow fracture treated conservatively or surgically is limited although most protocols recommend both active and passive range of motion (ROM). Additionally, the role has been established for dynamic splinting to restore elbow ROM [9] - [13] . However, the benefits of dynamic splinting are most notable in the first few months following injury or surgery, though gains can been observed up to 12 months [9] . Gelinas et al. [14] reported on the effectiveness of turnbuckle splinting; however, in their protocol the subjects wore the splint for 20 hours per day and were allowed to remove the splint for one hour periods of free movement at breakfast, lunch, dinner and before bed. The time commitment for splinting is not always feasible. Furthermore, depending on one's insurance the splint can be cost prohibitive. Unfortunately, the literature establishing the role and benefit of joint specific treatment is lacking [1] - [3] [6] [7] [15] . This case report presents the examination findings of a post-traumatic malunion radial head fracture with subsequent open reduction internal fixation (ORIF), the interpretation of the examination findings, interventions used during the rehabilitation process, and the outcomes of treatment. More specifically, this case report highlights the addition of joint specific manual intervention to the patient management to restore mobility and full elbow extension without the prolonged use of dynamic splinting in a patient with complicated radial head fracture.
Case Report
A right handed 40-year-old hair stylist was referred to physical therapy for evaluation and treatment of a radial head malunion fracture status-post ORIF secondary to a fall while roller skating ten weeks prior. Upon injury, she landed on her buttocks and right elbow. She went to the local urgent care initially for evaluation. Radiographs were taken at that time, but she was not informed she had sustained a radial head fracture. About one week later, she was contacted by the urgent care and was directed to pick up her radiographs and to follow-up with an orthopedist. As she was not advised on the nature of her injury, she casually scheduled an appointment with an orthopedist and, after his evaluation, decided she wanted a second opinion. Her operating surgeon evaluated her three to four weeks after her injury. She was formally diagnosed with a radial head fracture by both physicians, but unfortunately, the fracture had begun to heal by the time she was evaluated by the second orthopedist and her fracture was classified as a malunion radial head fracture, which required reduction (Figure 1(a) , Figure 1(b) ). She underwent surgery to correct the defect eight weeks after initial injury with a manipulation and ORIF and wore a cast for approximately one week post-op. The cast was removed five days prior to her physical therapy evaluation.
Following cast removal, the patient had begun to use her arm for simple activities but reported significant stiffness and moderate ache in her right elbow, forearm, wrist, and hand. The patient reported increased symptoms in the morning with mild increase in flexibility as the day progressed; however, the stiffness and soreness were consistent throughout the day. At the time of her initial evaluation, she had been directed by her surgeon to limit her lifting to less than one pound. She reported difficulties with bathing and self-care tasks due to her ROM limits and weakness. She was unable to use the right upper extremity for most activities of daily living (ADL's) and lifestyle tasks such as putting make-up on, cooking, cleaning and laundry. Additionally, she was unable to perform her work as a hairstylist as it required lifting greater than one pound and more elbow flexion and extension than was available. Her primary complaints at the time of the initial evaluation were: significant restriction in ROM, weakness in the upper extremity, and increased pain. She rated her pain on a 10-point scale as 7/10 at worst, 4/10 at best, and 4/10 at the time of the initial evaluation. She stated that she felt a dull, achy type pain most of the time but did experience episodes of sharp pain. This patient's goal was to regain normal use of her right arm for her work and lifestyle activities.
Additional information gathered included the use of thyroid medication for hypothyroidism, pain and anti-inflammatory medications for the elbow symptoms at the time of her evaluation. She did not have any contraindications to begin physical therapy, and her prescription for physical therapy included instructions for full AROM and gentle PROM, so a modified elbow examination was completed.
Clinical Examination
The patient was evaluated two weeks following ORIF, so the initial examination ( Table 1) was limited due to the surgical precautions and prescription limitations. She presented with a 1.5cm increase in swelling about the Inspection-Healthy appearing female in no apparent distress. Steri-strips over incision.
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right elbow crease as compared to the left elbow crease. Her score on the Disabilities of Arm, Shoulder, Hand (DASH) was 60/100, and her score on the DASH Work Module was 75% limited. Muscle testing was not performed during the initial evaluation due to surgical precautions, and due to the post-surgical nature of her injury, special tests were not required either. Increased skin temperature and tenderness to palpation were noted about the radial head and incision. Minimal scar tissue thickening was noted.
Interpretation of Clinical Examination Findings and Diagnosis
Based on the examination findings, the patient presented with a non-capsular pattern of limitation status post immobilization. On examination, she demonstrated a limit of motion into elbow flexion, extension, supination, and pronation. The capsular pattern of limitation for the elbow has been shown to be flexion limited much more than extension [16] . This patient had significant limitations of motion into both flexion and extension with a firm end-feel at the end-range of both flexion and extension, and her limitation was found during active and passive ROM. Given that she underwent surgery with immobilization status post a traumatic injury, it was felt that the large limitation of motion was due to the surgery and immobilization rather than due to an actual degenerative process in the elbow, thus, a non-capsular pattern of limitation due to the immobilization was considered as the primary physical therapy diagnosis.
Prognosis and Plan of Care
The prognosis for this patient was good. She was relatively young and healthy and highly motivated to return to her active lifestyle. However, due to the elbow tendency for stiffness [2] [6] [7] following a traumatic injury, and due to the surgical intervention following a malunion fracture, there was a significant probability she would not regain full elbow range of motion and function. However, the physical therapy expectation was that she would gain functional mobility of the elbow and be able to return to her prior level of activity without limitation. The primary goal was to allow her to return to her full work duties as a hair stylist. The patient was advised to order a Dynasplint as dynamic splinting [9] [14] has been shown to increase ROM in the stiff elbow, and a prescription was obtained from her surgeon.
Interventions
This patient was treated two times per week over the course of four months. During the first six to eight weeks, the physician's directives consisted of PROM and soft tissue management only as to allow adequate post-operative healing. She maintained a weight restriction of one to two pounds only. Additionally, the patient discontinued the use of the dynamic splinting due to her lack of progress and the out-of-pocket-cost she incurred while renting the unit. Gelinas et al. [14] suggested wearing the splint for 20 hours per day for approximately six months for an increase of ≥ 10˚ of motion. At her eight week follow-up visit to her surgeon, repeated radiography revealed < 1 mm displacement of the radial head-the radial head was depressed with appropriate hardware placement (Figure 1(c), Figure 1(d) ). Consequently, we were not able to progress PROM and were to continue with gentle PROM and soft tissue work. After an additional two weeks, the weight restrictions were lifted and we were able to progress the rehabilitation program. Manual interventions including soft tissue management and exercise were used to achieve her ROM goals. Passive ROM included elbow flexion, extension, supination and pronation. Joint specific mobilizations including humeroulnar joint extension traction and glides to improve endrange elbow extension were added to the treatment plan. The decision to include joint specific mobilizations was based on the outcome of joint play testing where a limitation was found with humeroulnar joint traction, medial, and lateral gliding. Joint specific manual techniques included: traction from a prepositioned elbow extension (Figure 2(a) , medial gliding in prepositioned extension and pronation (Figure 2(b) ), lateral gliding in prepositioned extension and pronation (Figure 2(c) ), as well as end-range extension curved gliding (Figure 2(d) ). Joint specific mobilizations were performed for 4 -5 bouts of 40 seconds per mobilization [17] with an isometric contraction into extension following mobilization [18] . Exercises included general strengthening for the shoulder complex, biceps, triceps, and forearm supination and pronation.
Outcomes
This patient was treated over a protracted period of time due to the challenges faced during the healing process. After the PROM restrictions were lifted, she remained with limited terminal elbow extension, which was restored following the addition of joint specific humeroulnar mobilizations. At her last physical therapy visit, she achieved full elbow extension (0 degrees) and had returned to her full work duties as a hair stylist. She continued to deal with pain post exercise but was gradually returning to all prior activities without limitation. At the end of her treatment ( Table 2) she rated her pain at 3/10 at worst, 0/10 for current and best, and she described her symptoms as soreness in nature that only bothered her after exercise or extensive use of her right upper ex- Palpation: No palpable tenderness or increased muscular tone noted tremity. She denied pain to palpation and she had approximately 0.5 cm of swelling about the elbow crease. Her DASH score improved from a 60/100 to a 66.6/100 and her work module improved from 75% limited to 12.5% limitation.
Discussion
This is the first case study to report favorable outcome for a patient following complicated radial head fracture treated surgically with ORIF using physical therapy management including the use of joint mobilizations specific to the humero-ulnar joint on elbow ROM and function. This patient sustained a malunion radial head fracture treated surgically with a manipulation and a screw fixation, and an observable radial head displacement at her eight-week post-operative appointment. Displaced radial head fractures are known to be challenging to manage with more than 50% of the cases displaying unfavorable outcomes including arthrofibrosis [19] . Therefore, joint mobilizations were used without the prolonged use of dynamic splinting for the recovery of the patient's elbow extension. This patient did not see the value in the dynamic splinting compared to the cost, and, consequently, she discontinued its use in less than two months. According to Gelina et al. [14] , turnbuckle splinting was beneficial in restoring ROM when worn for 20 hours per day for up to six months. Lindenhovius et al. [9] , in a study comparing static progressive stretching (turnbuckle splinting) and dynamic splinting reported no significant differences between the two over the course of six months to one year, but stated that patience is warranted. In their study, the subjects wore the splints per the manufacturer's recommendations, which, for the dynamic splinting, was six to eight hours per night [9] . This patient did not follow the recommendations; she wore the splint for up to four hours per night, on average, due to complaints of pain as well as an inability to sleep.
Patients with orthopedic conditions, specifically following surgical procedures, are routinely referred to physical therapy for rehabilitation services. Radial head fractures have been reported to account for 33% of fractures around the elbow [2] . The typical rehabilitation protocol for both conservative and surgical treatments consider PROM as an integral procedure but seldom reflect on the benefit of manual therapy, specifically joint specific mobilizations. Despite literatures' confirmation of the tendency for elbow stiffness following trauma and surgery [2] [6] [7] research on the benefits of joint mobilizations for restoring humeroulnar joint mobility is lacking and needs further delineation. Instead, the literature suggests procedures such as manipulation under anesthesia, bracing, and open or arthroscopic release as primary treatment options for resolving post traumatic elbow stiffness, which have been shown to have success in relieving elbow contracture [7] [10] [11] [20]- [24] . However, not all the options are feasible for patients for various reasons such as the length of time required for recovery or wearing a splint, cost of another procedure or renting a splinting device, or simply due to the business of life. One report by Bano and Kahlon [1] addressed the role of manual therapy during rehabilitation of elbow fractures. The authors suggested that physical therapists who are highly competent and experienced in manual techniques, may begin joint specific mobilization techniques at 6 weeks post-operatively even following traumatic fractures [1] .
In this patient, full elbow extension ROM was achieved neither with PROM procedures alone, nor with the two-month use of dynamic splinting. The benefits of PROM were exhausted and we did not measure an improvement of active extension past a 10˚ limit until the addition of joint specific manual therapy was introduced into her plan of care ( Table 3) . In her last month of therapy, when joint specific mobilizations were introduced in the plan of care, she achieved 2˚ of elbow hyperextension (she had 5˚ of hyperextension with left elbow extension) within eight visits. Her previous three months of therapy, which included soft tissue mobilizations, PROM, and dynamic splinting were unable to garner the ROM she wanted to achieve and required for a full return to her work duties and lifestyle activities. Through the addition of joint specific mobilizations we were able to recapture her needed ROM. Thus, the above case report sheds light on the benefits of the addition of joint specific treatment in addition to PROM to restore elbow extension without manipulation under anesthesia, arthroscopic capsular release, or prolonged bracing. This case was protracted due to initial malunion, manipulation under anesthesia, radial head re-fracture with screw fixation, and the radial head displacement. After the restrictions were lifted and the physical therapist was allowed to perform more than general PROM, the patient began to regain terminal elbow extension through the addition of joint specific mobilizations for restoring elbow extension. She was able to return to full work duties and routine ADL's only after the onset of joint specific mobilizations to restore full elbow extension. She was likely challenged by joint limitations that were resolved through targeted joint mobilizations aimed at restoring capsular mobility. Interestingly, this patient fractured her radial head, but her limitation of motion was found in the humeroulnar joint post immobilization. This is likely due to the large elbow capsule that encloses the humeroulnar and the radiohumeral joints; therefore, following joint play testing for the involved joints, joint specific mobilizations were introduced into the plan of care. The specific joint mobilizations used were targeted to stretch the elbow capsule and inert tissues. Stretching the elbow capsule in a specific fashion allowed elbow motion restoration that was unachievable through PROM alone. Future research should consider the added benefit of joint specific mobilizations for full restoration of elbow complex ROM, especially in the presence of a complicated fracture.
Conclusion
Radial head fractures are one of the most common fractures of the elbow, and, when the fracture is displaced, can result in unfavorable outcomes leading to early arthritis and limited ROM. This reported case presented the successful management of a 40-year-old female following a complicated radial head fracture. The rehabilitation was conducted over a four-month period with the inclusion of joint specific manual therapy to recapture elbow range of motion, specifically elbow extension, which was unattainable through PROM or dynamic splinting alone.
